Introduction
Neutrophil elastase is a protease that is involved in the tissue destruction and inflammation that characterize numerous diseases, including hereditary emphysema, chronic obstructive pulmonary disease, cystic fibrosis, adult respiratory distress syndrome, ischemic-reperfusion injury, rheumatoid arthritis, and periodontitis (Drugarin et al., 1998; Tremblay et al., 2003) . A significant increase of the PMN-elastase and proinflammatory cytokines level was found in crevicular gingival fluid of patients with gingivitis and periodontitis. The intensity of the inflammatory response in these diseases is strongly correlated to the activation of the neutrophil granulocytes which release Paradoxical effects of elastase inhibitor guam erin on the tissue repair of two different wound m odels: sealed cutaneous and exposed tongue wounds these biological active molecules (Drugarin et al., 1998; Kang et al., 2000) . Crevicular gingival fluid elastase levels are significantly higher in sites demonstrating progressive periodontal detachment and bone loss (Palcanis et al., 1992; Eley and Cox, 1996) . Secretory leukocyte protease inhibitor (SLPI) is a serine protease inhibitor with anti-microbial properties found in mucosal fluids. It is expressed during cutaneous wound healing. In the SLPI-null mice, the impaired cutaneous wound healing with increased inflammation and elastase activity was observed suggesting that leukocyte protease inhibitor may play a pivotal role for optimal wound healing and the altered inflammatory profile involves enhanced activation of local TGF-β in SLPI-null mice (Ashcroft et al., 2000; Shin et al., 2003) .
Different types of elastase inhibitors have been characterized from human skin (Lammers et al., 1986) , parotid secretions, and bronchial mucus (Hochstrasser et al., 1981) , as well as from other sources such as soybean (Odani and Ikenaka, 1978) , turkey ovomucoid and leech (Seemuller et al., 1980) and suggested that the innate elastase inhibitors may play an important role for the protection of organs and tissues (Ashcroft et al., 2000; O'Blenes et al., 2000; Tonai et al., 2001; Ueno et al., 2001; Waugh et al., 2001) . Furthermore, the leukocyte elastase inhibitors were considered as potential therapeutic agents for preventing number of chronic inflammatory diseases. And to that end, there have been greater effort to isolate and characterize various protease inhibitors from variety of natural resources such as animals and plants (Rees et al., 1997; Cantin and Woods, 1999; Wright et al., 1999) .
The new leukocyte elastase inhibitor, guamerin, is a low molecular weight cysteine-rich polypeptide isolated from Korean native leech Hirudo nipponia. Guamerin is stable at a wide range of pH from 1 to 11, also heat-stable up to 90 o C, and demonstrated to inhibit the human neutrophil elastase quite efficiently (Jung et al., 1995; Kim et al., 1996; Song et al., 1999) . In this study, the effect of a recombinant elastase inhibitor guamerin (rEIG) was analyzed in the animal wound models where degree of inflammation and exposure to infectious agents were significantly different. One animal model of septic open wound was prepared by pin-puncture on the dorsal tongue mucosa, and exposed to salivary milieu containing all infectious agents of oral cavity and administered saline solution containing rEIG. The other model of aseptic semi-enclosed wound was prepared by a linear excision on the back skin sealed immediately by fibrin clot containing rEIG. Paradoxical effect of rEIG on the healing of two different model wounds appeared a hindrance in the septic and an aid in aseptic conditions suggesting a possible multi-role(s) of elastase on the progression of inflammation at wound sites.
M aterials and M ethods rEIG rEIG, produced from Pichia pastoris as described previously Lim H. K et al., 2000) , was tested free of any endotoxin contamination.
Anim al experim ent
Total 100 four weeks old female mice (BALB/c) were used for the effect of rEIG on the open wound and semi-enclosed wound separately. For the open wounds 60 mice were used for the puncture of the dorsal tongue mucosa by a pin, 0.6 mm in diameter. Among them thirty mice were given the sterile water containing rEIG (10 ng/ml) ad libitum for 5 d, and the remaining thirty mice were given the normal water for 5 d as a control group. Forty mice were used for the preparation of the semi-enclosed wound covered by fibrin sealant (Green Cross Corp., Korea) in the linear excisional wound on the back skin. Among them 20 mice were used for the incision wound covered with the fibrin sealant containing rEIG (100 ng/ml), and the remaining twenty mice were used for the excisional wound covered with fibrin sealant only as a control group. All mice were housed in clean cages for 5 d.
Histological observation
Specimens obtained from the tongue and back skin of mice were fixed in 10% buffered formalin and embedded in paraffin. Serial sections were made around the wound area in 4 µm thickness. The microsections were stained with hematoxylin and eosin and observed by light microscope (Olympus, Japan).
Antibody production
For obtaining the anti-sera against rEIG, subcutaneous injections of rEIG (500 µg/head) into rabbit were performed, in which complete or incomplete Freud's adjuvant (GIBCO Laboratories) was added for the first or the second injection, respectively. At the second week after the first injection, the second injection (boosting) was carried out. At the fourth weeks after the first injection, the rabbit was bled to obtain the antibody against rEIG. Isolation of IgG from the serum was performed using a protein A-agarose column (Affi-Gel MAPS II, Bio-Rad), and followed by antigen affinity gel purification by AminoLink coupling gel (Pierce, Woburn, MA) immobilized by rEIG. The purified antibody was preserved in refrigerator and applied for the immunological techniques as soon as possible.
Im m unohistochem ical study
Paraffin sections were treated with mono-specific antibodies of rEIG by indirect immunohistochemical method using labeled streptavidin-biotin (Dako, Denmark) staining technique. 3-3'Diaminobenzidine (DAB) was precipitated by peroxidase reaction in dark brown color, and the result was observed without counter staining. Immunohistochemical methods, histological details are basically same as the previous study (Lee et al., 1995) . For the negative control the microsections were applied with pre-immune rabbit serum and simultaneously processed with the above immunostainings.
W estern blot analysis
In order to confirm the specific reaction of guamerin antibody we performed western blot using the rEIG as a positive control and protein extracts from mouse liver as a negative control. An aliquot was mixed with an equal volume of protein lysis buffer (0.3% SDS, 0.05M Tris-HCl, pH 8.0, 1% β-mercaptoethanol) and boiled for 5 min in the presence of 100 mM DDT. Samples (30 µg) were applied to a polyacrylamide gel. SDS-PAGE analysis was carried out in a 8×7.5 inch gel apparatus (Novex, San Diego, CA), with use of the discontinous Tris/glycine buffer system (Laemmli, 1970, 10% cross-linked gel). The fractionated proteins on polyacrylamide gel were transferred electrophoretically onto a nitrocellulose strip. The strip was blocked with skim milk in Tris-HCl buffer and washed with 0.05% Tween 20 and incubated overnight with purified anti-guamerin antibody in 1% gelatin solution at 4 o C. The strip was treated with horseradish peroxidase-conjugated Protein A (BioRad, 1:200 dil). The washed strip was developed for 2 to 15 min with 4-chloro-1-napthol, hydrogen peroxide reagent (Lee et al., 1995) .
R esults
Pin-punctured tongue w ound The pin-punctured wound on the dorsal tongue mucosa produced a focal laceration in the epithelium and underlying fibromuscular tissue. The gross and microscopic observations on the healing process of the pin-punctured wound showed a somewhat delayed wound closure due to the versatile movement of tongue during deglutition and mastication (Table 1, Figure 1 ). In the 1st day of the experiment the control mice showed focal ulceration covered with hematoma but no excessive wheal formation around the wound area (Figure 1-a1) . In contrast, the rEIG treated mice showed a deep ulceration covered with pseudonecrotic membrane at the pin-punctured wound and the wound area was quite edematous (Figure 1-a2) . On 2nd day of experiment the pin-punctured wounds of control mice were constricted to an almost closed state showing a residual amount of hematoma and the epithelium-lined tunnel structure in the underlying muscular tissue of the wound (Figure 1-c1 ) with diffuse and slight infiltration of inflammatory cells (Figure 1-e1) , while the pin-punctured wounds of the rEIG treated mice became deeply ulcerated open wound that are covered with pseudo-necrotic membrane and the epithelium-lined tunnel structure was much dilated (Figure 1-c2 ) with increased infiltration of inflammatory cells in the underlying muscular tissue of the wound (Figure 1-e2) . On the 3rd day, the control mice showed re-epithelialization of dorsal tongue mucosa, while the rEIG-treated mice showed Figure 1 . Pin punctured wound healing on the dorsal mucosa of mouse tongue. a: on the 1st day, a1: control group fed with normal water, a2: experiment group fed with rEIG solution (10 ng/ml). Histological findings of pin-punctured wound. c1,d1,e1,f1: control group, c1,e1: on the 2nd day, c1: cross section of punctured tunnel, e1: mild infiltration of inflammatory cells (arrows, ×400), d1,f1: on the 4th day, d1: cross section of punctured tunnel, f1: almost no inflammatory cell in the muscular layer (×400). c2, d2, e2, f2: experimental group, c2, e2: on the 2nd day, c2: cross section of punctured tunnel, e2: marked infiltration of inflammatory cells (arrows, ×400), d2, f2: on the 4th day, d2: cross section of punctured tunnel, f2: persisted inflammatory cell infiltration (arrows, ×400).
conspicuous ulceration with pseudonecrotic membrane. The underlying muscular tissue was heavily infiltrated with inflammatory cells, producing focal abscess till the 3rd day. On the 4th day, the control mice showed complete healing of the pin punctured wound on the dorsal tongue mucosa without any residual inflammatory cell in the underlying muscular tissue (Figure 1-b1, d1, f1 ), while the rEIG-treated mice showed incomplete healing of the pin-punctured wound (Figure 1-b2) , still showing deep ulceration and Figure 2 . Excisional cutaneous wound healing on the back skin of mouse. 1c-10c: gross observation. 1a-10a: low magnification (×6), 1b-10b: high magnification of microscopic observation with hematoxylin and eosin stain (×200). 1, 3, 5, 7, 9: control group using fibrin sealant only, 2, 4, 6, 8, 10: experimental group using fibrin sealant containing rEIG.
a dilated tunnel structure lined with epithelium ( Figure  1-d2, f2) . A significant level of inflammatory cell infiltration was found in the underlying muscular tissue of mouse tongue, and this inflammatory reaction was observed until the 5th day. We have limited the experiments for five days in this wound model due to host antibody formation to rEIG after 6th day whereas in the coutaneous excisional wound model, a single dose level (10 ng/ml) in the gel sealant did not induce any immune reaction to rEIG (data not shown). In gross and microscopic observations the rEIG-treated group of the pin-punctured tongue wound experiment clearly showed the trend of delayed wound healing, displaying persisted ulceration and abscess formation compared to the control group (Table 1) .
Excisional cutaneous w ound on the back skin
The excisional cutaneous wound on the back of mouse skin was immediately enclosed aseptically with fibrin sealant to provide a protective barrier from the exposure to microorganisms and limit from other excessive physiological and physical damage. On the 1st day, control mice wounds showed sharp ulcer filled with hematoma and infiltration of heavy inflammatory cells (Figure 2-1a, 1b, 1c) , while those of rEIGtreated mice showed relatively constricted ulcer with fewer inflammatory cell infiltration (Figure 2-2a, 2b,  2c ). On the 2nd day, the wounds of control mice were filled with hematoma clot but not constricted enough to close the wound (Figure 2-3c ) displaying necrotic ulcer lesion with the infiltration of numerous inflammatory cells into deep connective tissue ( Figure  2-3a, 3b) , while the wounds of rEIG-treated mice were well constricted to a slight gap wound filled with a few patches of hematoma clot (Figure 2-4a, 4c) . The ulceration was greatly reduced retaining a few inflammatory cells (Figure 2-4b) . On the 3rd day, the wound ulceration of control mice persistent with thick necrotic membrane accompanying heavy infiltration of inflammatory cells (Figure 2-5a , 5b, 5c), while those of rEIG-treated mice were almost retracted to a small linear excisional mark (Figure 2-6a, 6c) , showing the growth of granulation tissue in the underlying connective tissue (Figure 2-6b) . On the 4th day, the wounds of control mice were partly infected and presented ulcerated lesion with an evidence of exudate formation ( 
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Gross findings: ulceration; the wound was clearly opened, exudates; the ulcer was filled with transparent fluid, closed; the wound was almost constricted. Microscopic findings: severe inflammatory (Inf.) cell infiltration; a lot of inflammatory cells were observed in the underlying connective tissue, abscess; collection of inflammatory cells, epithelialization; new epithelial growth was completed.
In gross and microscopic observations the rEIGtreated group of the excisional cutaneous wound experiment showed the advanced wound healing, resulted in the early constriction and reepithelialization of the wound in five days ( Table 2) .
The m etabolic state of adm inistered rEIG in w ound sites
The purified rEIG antibody specificially recognized the rEIG as a unique band, migrated about 6 kDa ( Figure  3 -c, lane 1), while it was negative for the protein extract from mouse liver (Figure 3 -c, lane 2) indicating that mice innate elastase inhibitors did not crossreacted with rabbit antibody to rEIG from leech. In an effort to estimate the metabolic fate of the administered rEIG in mice, the wounds tissues were analyzed with immunohistochemistry with antibody to rEIG. The result showed that the rEIG was abundantly remained on the ulcer base of excisional wound in the 2nd day of experiment (Figure 3-a) , and it was gradually degraded and phagocytosed by the infiltrated macrophages until the 4th day of experiment (Figure 3-b) . However, we observed that the rEIG was persistently remained in the granulomatous tissue of wound until the 5th day of experiment. Such results suggest that the level of rEIG administered with fibrin sealant was able to control leukocyte proteases and also protected the fibrin covered matrix from the surrounding regenerating tissues.
D iscussion
Guamerin, a new leukocyte elastase inhibitor, has a cysteine-rich polypeptide of 57 amino acid residues, putatively 6.1 kD of molecular weight and is stable at a wide range of pH from 1 to 11 and heat-stable up to 90 o C (Jung et al., 1995) . Tests for the acute toxicity and antigenicity of rEIG was performed separately and revealed that it was safe and did not induce active systemic anaphylaxis and passive cutaneous anaphylaxis . The 50% lethal dose (LD50) of rEIG for ICR mice was more than 1,000 mg/kg when intravenously injected (Song et al., 1999; Kim et al., 2000) . And rEIG (10 µg/kg) injection in combination with urinary trypsin inhibitor (7,500 IU/kg) had a beneficial effect on cerulein-induced acute pancreatitis rat model by reducing the serum level of amylase and lipase (Shin et al., 2000) .
In human gingivitis, the released leukocyte elastase from influxed inflammatory cells has been implicated as being the responsible factor for detachment of periodontal tissues and tooth dentin (Palcanis KG et al., 1992) . In this study we explored the wound healing effect of the elastase inhibitor treatment on the model wounds in mice relating to human periodontitis, i.e., a pin-punctured wound on the dorsal tongue mucosa relating to open wounds in oral mucosa with greater opportunity for additional physical and microbial re-infection. For the open pin-pucture wounds of mobile tongue, rEIG was given by ad libitum via feeding water in the concentration of 10 ng/ml, which is 10 times higher than the expected therapeutic dose of rEIG used for pancreatitis experiments (Song et al., 1999; Shin et al., 2000) , because the rEIG solution would be more diluted with saliva and food and even rapidly swallowed. The results were puzzling and paradoxical. A reasonable explanation may be that although the precise pharmacological role of guamerin is not clearly understood, the anti-inflammatory effect of rEIG, as a potent elastase inhibitor, was ascribed partially to the inhibition of leukocyte migration and that aggravation of the wounds by persistent bacterial infection in rEIG-treated mice is probably due to the absence of primary phagocytosis by leukocytes at initial stages. However, whatever the explanation may be, it is clear that leukocyte elastase was found to play anti-inflammatory effect in the mucosa epithelium of the oral cavity.
It was also reported that the elafin-overexpressing mice showed the suppressed smooth muscle proliferation and inflammatory cell infiltration by an experiment using wire-induced endothelial denudation of the carotid artery where there are no foreign microbial invasion exist . This report presented very complex inflammation associated host response to wound healing, however, it did not include "pro and con" of maturation processes of wounds in the elafin over-expressing mice model. We were seriously contemplated carrying out exactly the real experiments not using any antibiotics, because oral environment is far more complex than simple degree of bacterial intervention. First, certain measure of animal host bacteria responsible for continuous infection in each should be identified for the reason that there are grossly over 500 known bacterium exist (in humans), and depend on antibiotic type selection, it could shift the balance of bacteria population to create more infection than curtailing it. Second, even with the use of broad spectrum antibiotics, again left with shifting the balance of microbes and does not guarantee the complete removal of invading bacteria. In addition, saliva is enriched with various innate antimicrobial peptides that are critically dependent on the proteolytic processing. Lastly, use of antibiotic does not provide clear evidence for added and probable enhanced infection of bacteria in the elastase inhibitor, guamerin-treated mice oral cavity. Even if we were successful to knock off certain type(s) of bacteria by using batteries of antibiotics, the control animals could have different response due to different wound healing response. Therefore, in the present study we selected the different wound healing models, an exposed pin-punctured tongue wound and a sealed excisional cutaneous wound, and observed the paradoxical effect of rEIG on the tissue repair processes in the absence of antibiotic intervention.
An excisional cutaneous wound was made on the back skin of mice in order to avoid any further physical injury. The cutaneous wound was not stitched and remained open but covered with excessive natural fibrin sealant that is further cross-linked to host tissue matrix as protective barrier for external microbial infiltration as well as accelerating the wound healing by its components of different growth factors (Gaboriau et al., 1999; Kjaergard et al., 1999; Bolliger-Stucki et al., 2000) . In this model, a potent antiinflammatory effect of guamerin was observed in the semi-enclosed cutaneous wound, remained almost in an aseptic condition, until the 5th day of experiment. The fact that the rEIG treatment accelerated the healing of skin wound could be due to a number of mechanisms; 1) rEIG plays an inhibitory role for the early inflammatory reaction, i.e., chemotaxis of leukocytes, 2) the direct inhibitory role of elastase, known to be responsible for tissue erosion and also lysis of the formed fibrin clot at tissue injury sites. Thus, inhibiting such excessively generated elastase should preserve and extend the stability of provisional matrix fibrin at wound site and consequential enhancement of tissue repair processes. An effect observed in the rEIG treatment in the experimentally induced mouse pancreatitis (Song et al., 1999; Shin et al., 2000) certainly may support both of these mechanisms.
